We report on the characterisation of a complex chromosome rearrangement, 46,X,del(Xq)/47,X,del(Xq),+r(X), in a female newborn with multiple malformations. Cytogenetic and molecular methods showed that the del(Xq) contains the XIST locus and is non-randomly inactivated in all metaphases. The tiny r(X) chromosome gave a positive FISH signal with UBE1, ZXDA, and MSN cosmid probes, but not with a XIST cosmid probe. Moreover, it has an active status, as shown by a very short (three hour) terminal BrdU pulse followed by fluorescent antiBrdU antibody staining. The normal X is of paternal origin and both rearranged chromosomes originate from the same maternal chromosome. We suggest that both abnormal chromosomes result from the three point breakage of a maternal isodicentric idic(X)(q21.1). Finally, the phenotype of our patient is compared to other published cases and, despite the absence of any 45,X clone, it appears very similar to those with a 45,X/46,X,r(X) karyotype where the tiny r(X) is active. (jMed Genet 1998;35:932-938) genesis, short stature, and minor anomalies, such as widely spaced nipples, narrow palate, small mandible, and webbed neck. In such cases, the r(X) chromosome is usually inactivated and the TS phenotype results from the X monosomy. Some females have been shown to have the same karyotype associated with a more severe phenotype, including mental retardation, syndactyly, and dysmorphic features, which are not characteristic ofTS.' ' The severe phenotype of these females has been attributed to the inability of their ring X chromosome to inactivate, often resulting from the lack of the X inactivation centre.l"
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We report on a complex mosaic rearrangement, 46,X,del(Xq)/47,X,del(Xq),+r(X), in a female newborn with multiple malformations. Unlike previously reported cases, our proband does not show characteristic features of Turner syndrome, which is consistent with the absence of any 45,X clone in her karyotype. The coexistence of an apparent interstitial deletion and a ring chromosome, originating from the same chromosomal pair, may have arisen from a single event." '6 In such a rearrangement, one of the breakpoints would be located within the Keywords centromere and the ring chromosome derived from the excised segment. We therefore hypothesised that the abnormal phenotype of our patient results from the non-inactivation of either the del(X) or the r(X) chromosome, the r(X) containing loci excised from the del(X).
Standard and molecular cytogenetics, as well as other molecular techniques, were used in order to characterise the composition of both rearranged chromosomes. In support of our hypothesis, we have shown by FISH that the del(Xq) chromosome contains the XIST locus and is late replicating, while the r(X) does not contain the XIST locus and is early replicating. Nevertheless, the r(X) chromosome does not seem to be the counterpart of the del(Xq), as FISH analysis showed that both rearranged chromosomes contain the pericentric loci UBE1, ZXDA, and MSN.
Moreover, using microsatellite markers, we have shown that no locus distal to Xq2 1.1 is contained within the del(Xq), which is discordant with the standard cytogenetic data and suggests a more complex rearrangement. Indeed, additional studies showed that the del(Xq) and the r(X) chromosome, which are both ofmaternal origin, probably resulted from a three point breakage of an isodicentric chromosome, idic(X) (q2 1.1), the del(Xq) being in fact a recombinant X chromosome as follows: der(X)(pter-+q2 1.1 ::p2 1-pter). 7 Finally, we correlate the karyotype of our patient with her phenotype, in the light of related published observations.
Case report
The proband was the second child of a healthy, 27 Xq24 (fig 2) . The karyotypes of the proband's parents were normal.
The X specific a satellite probe gave a positive fluorescent signal on the ring chromosome, showing it to be derived from the X chromosome. The whole X chromosome paint resulted in a homogeneous staining of both del(Xq) and r(X) chromosomes, confirming that they are composed exclusively of material from the X chromosome (data not shown).
Inactivation studies using a very late BrdU pulse followed by detection with fluorescent anti-BrdU antibody gave the following results. Sixty metaphases showing detectable BrdU incorporation were analysed and in 11 of these the r(X) chromosome was present and an identical replication pattern was observed. The del(Xq) was brightly stained with fluorescent antibody, indicating its inactive status, while the normal and r(X) chromosomes were not labelled, suggesting that they replicate synchronously with the other chromosomes and have an active status ( fig 3A) .
Results obtained by FISH with various probes are shown in fig 4. They show first that the r(X) chromosome does not contain the XIST locus, which is consistent with the inactivation studies ( fig 3B) . They secondly show that the r(X) contains several loci from the pericentric region, UBEI and ZXDA on the short arm and MSN on the long arm ( fig 3C) . Data Diagram illustrating the possible mechanism offormation of both rearranged chromosomes in the, maternal meiosis. Normal X chromosome (A), breakage at Xq21. 1 (B), and U type reunion ofsister chromatids generate an idic(X) (q21. 1) (C). At the next anaphase, this unstable isodicentric is broken at several random breakpoints (bp) such as bpl: Xq21. 1, bp2: Xqll-q12, and bp3: Xp2l (D). They give rise to the rearranged del(Xq) and r(X) chromosomes and the acentric fragment containing XIST is lost (E). them was cohybridised with an X alphoid DNA probe (Oncor) on metaphases of the proband and gave the following results. There were two FISH signals on the normal X, one at the centromere corresponding to the X alphoid DNA and one at the Xp telomere, as expected, indicating the specific cosmid locus. However, the del(Xq) showed three fluorescent signals, one at the centromere and one at each telomeric end, indicating the presence oftwo Xp telomeres on this chromosome ( fig 3D) . These results allowed a more precise description of the del(Xq) as der(X)(pter-+q21.1::p21-pter).
Finally, both polymorphic markers and FISH data showed that the del(Xq) and the r(X) chromosome came from the same maternal chromosome, and we propose a mechanism of formation involving a maternal isodicentric idic(X)(q2 1. 1).
Discussion
We report a female newborn with multiple malformations and a complex chromosomal rearrangement: 46,X,del(Xq)/47,X,del(Xq), +r(X). Cytogenetic and molecular studies showed that the del(Xq) is the result of both deletion and duplication of various parts of the X chromosome, but that it is non-randomly inactivated in all metaphases. In contrast, the r(X) chromosome, which contains loci (but not XIST) from the X juxtacentromeric region, has an active status. We have shown that the normal X originates from the father and both abnormal chromosomes from the same maternal X. We propose the following reconstruction of the events that led to the formation of these rearranged X chromosomes (fig 6) .
Since the del(Xq) chromosome is found in all cells of the patient, a postzygotic origin of this chromosome can be excluded. It therefore follows that the rearrangement occurred in the germline of the patient's mother. We postulate that the initial event was a breakage at Xq2 1. 1 in a maternal X chromosome ( fig 6B) , followed by a U type reunion of sister chromatids. This mechanism generates an idic(X) (q21 . 1) chromosome ( fig 6G) . Such an isodicentric is unstable as it contains two functional daughter centromeres which will, in the next anaphase, go to opposite poles, forming a bridge. Bridges can break at several random points and here we propose that the breakpoints (bp) were bpl at Xq21.1, bp2 at Xq 1-12, and bp3 at Xp2l ( fig  6D) , giving rise to the rearranged del(Xq) and r(X). The acentric fragment generated, which contained one of the two XIST loci present on the idic(X), would be lost. The'del(Xq) can therefore be described as follows: der(X) (pter-*q21.1 ::p21-pter). Such a mechanism of stabilisation of a dicentric by excision of a centromere has been hypothesised by Ther We conclude that the severe phenotype of our patient, who had the complex karyotype 46,X,der(X)(pter-*q21.1 ::p21-pter)/47, X,der(X),+r(X), essentially results from the presence, in 20% of metaphases, of a tiny active r(X) chromosome. This r(X) chromosome has been shown to contain the UBEl and ZXDA loci from the X short arm and the MSN locus from the X long arm. This observation underlines the need to perform precise characterisation of other small r(X) chromosomes, in order to establish phenotype-genotype correlations as a first step towards the identification of the genes responsible for this severe phenotype. 
